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Abstract : The change of the structure of seismic event sequences in focal area in preparation period of strong 
earthquakes has been studied. Findings show that weak earthquake clustering in time increases in earlier stage 
of forming of focal area. However, spatial clustering of seismic events rises at the latest stage. 
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1 Introduction 
A study of the dynamic patterns of the location and 
time structure of a sequence of seismic events occurring 
in the preparation field of a large earthquake is of theo-
retical and practical importance for understanding the 
physical processes occurring in the focal area , creating 
an adequate theory of earthquake preparation , and 
forecasting seismic activity periods. It was shown that 
the spatial field structures of earthquake epicenters of 
large seismically active regions have similar, hierarchi-
cal character and that the fractal dimension of this field 
is less than 2[1- 31 • It was noted that the fractal dimen-
sion of acoustic impulses leading to the destruction of 
rocks changes as the moment of the main gap is ap-
proached[4J. These changes are connected to demon-
stration of a number of predictive signs in acoustic e-
mission mode ( quiescence and activation) . 
Under natural conditions it can be expected that at 
times during large earthquake preparation the structure 
of seismic event sequences should change. 
Studies of the focal areas of large earthquakes suffers 
from the problem of small statistics , since representa-
tive earthquakes falling in the area of their preparation 
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are usually <500. Application of the theory of fractal 
sets can help to overcome this difficulty. Herein we 
propose a simple and effective method to allow us to 
trace the dynamics of the seismicity of focal zones_ 
Using this method to study the seismic structure of focal 
zones of earthquakes allows us to learn about the evolu-
tionary stages of the seismically active area during 
earthquake preparation. 
2 Research methods 
We consider representative seismic events of large 
(M >5) earthquakes occurring in the preparation field 
for long enough term ( 25-30 years). From these events, 
with a shift in one event, we formed a sequence of 
samples consisting of a fixed number of earthquakes_ 
Thus , the event scale is used but not the time scale. 
We analyze the characteristics of the sample reflecting 
the degree of unevenness of development of seismicity 
in the spatial region and time , as well as the dynamical 
changes of these characteristics as the main shock is 
approached. 
For each sample we use a pair of numbers ( Rgr, 
T ) , where R and T are certain measures reflecting gr gr gr 
the degree of density of earthquakes in space and time , 
respectively. The maximum concentration of events in 
the space and time area has corresponding Rgr and T gr 
values equal to 1 , and an even distribution corresponds 
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to R"' and T"' values of 0. We will consider four ex-
treme cases , defining a place for studying the sample 
within the unit square (Fig. 1) : 
• Earthquakes are located in regular intervals in 
space and in time: (0,0). 
• Sample earthquakes are localized in space but are 
distributed in time at regular intervals : ( 1 , 0) . 
• Earthquakes are distributed in the spatial area e-
venly but are clustered in time : ( 0 , 1 ) . 
• Earthquakes are localized in both space and 
time: (1,1). 
The sequence of samples describes the tendency of 
change within the unit square that we tried to trace. 
The relevancy of the numerical modeling to real physi-
cal processes in many respects depends on the credibil-
ity of the input parameters. These include the spatial 
size of the area, the size of a unit cell into which this 
area is broken, the time interval during which we can 
neglect features of earthquake distribution, the volume 
of the individual sample, and the metrics referring the 
given set to this or that point of space (R"',T"'). We 
will review these parameters in detail. 
The highest level of clustering of earthquakes in both 
time and space in natural conditions is observed during 
aftershock activity. Therefore it is natural to consider 
what exact character of grouping corresponds to position 
( 1 , 1) in the square ( R.,., T.,.) . This circumatance in 
many respects defines a choice of modeling parameters. 
We take as a unit cell of space the area equal to the af-
tershock distribution area, which can be identified with 
the seismic focal area to a first approximation , and as a 
unit interval of time the time interval coinciding with 
the average duration of aftershocks. The ratio between 
earthquake magnitude and the space-time area of after-
shocks has been obtained by a number of authors [s-•J. 
The time intervals characterizing the average duration 
of aftershocks for earthquakes of various magnitudes 
have been taken['l. We set the number of elements in 
a unit sample to be close to the average number of af-
tershocks for earthquakes of the studied magnitude. To 
calcnlate the number of aftershocks we recognized that, 
as a rnle , the energy of the main shock surpasses that 
of the maximal aftershock by one or two orders of mag-
nitude , aod that all sets of aftershocks accurately fit into 
the diagram of earthquake frequency within practically 
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Figure 1 Variety of space and time groupings of earthquakes. 
(There are four extreme cases, defining a place for 
the studying the sample in the frame of a unit 
square.R: concentration of earthquake in space; T: 
concentration of earthquake in time ) 
the same angular factor, as well as exhibit similar 
background seismicity[&]. 
The choice of spatial area is divided into unit cells , 
based on fundamental rules of the kinetic theory of the 
durability of solids['] according to which interaction of 
cracks occurs at certain concentrations.According to the 
failure concentration criterion , avalanche growth comes 
when average distance between ruptures is 3 - 5 times 
exceeding length of these ruptures. 
Approximately the same size spatial areas can be 
found by proceeding from Ulomov's cell model of the 
primary inter-epicentral distances estimation between 
earthquakes of similar magnitudes. According to 
Ulomov's model the ratio of the linear sizes of the prep-
aration area to the size of the formed rupture is equal to 
3. 6[']. 
The concepts of earthquake density in space and 
time or their dispersion are closely related to questions 
of space and time metrics for a stream of seismic 
No.2 
Artikov T U, et al. Compositional change of seismic event sequences in focal zones 
during preparation of strong earthquakes 3 
events, which up till now have been insufficiently de-
veloped. Each individual earthquake has a certain pow-
er characteristic that depends on the area of the formed 
rupture. It seems reasonable to define the distance be-
tween events in terms of lengths of their centers. Coher-
ence or independence of events should he defined by 
an irdluence function based on understanding of phys-
ics of preparation and discharge wnes of focal areas. 
The situation of the metrics for seismic events occur-
ring more closely in time is more difficult. Usually, in 
such cases , one uses approaches that consider the 
speed of a stream of seismic events of different power 
levels ; such information can be obtained from the 
earthquake frequency. This speed is defined by condi-
tions of environmental deformation and varies from high 
and low seismic volumes in the Earth's crust by orders 
of magnitude. In our problem we set the characteristic 
of the closeness of observing the space-time distribution 
of earthquakes of the sample to one defining the fea-
tures of the metric task. Thus we consider distribution 
features between clusters of events fitting into nnit in-
tervals of time and space. Inside of the selected inter-
val , the distribution of events can be essentially une-
ven. So, for example , for an aftershock sequence , the 
time behavior is described by Omori's exponential de-
pendence. 
Let N be the number of earthquakes in the sample 
and n2 be the number of cells into which the spatial ar-
ea is divided and in which range we can neglect the lo-
cation of epicenters and only consider their quantity. 
As a measure of the spatial density of earthquakes we 
will consider a function representing the relation of the 
dispersion of the real distribution of earthquakes on u-
nit cells to the dispersion of the same volume of the en-
vironment during maximum aftershock clustering when 
all earthquakes are concentrated into one cell : 
R = 
" 
" L (N(i,j) - N) 2 
iJ=l 
(n2 - l)N + (N- N) 2 
here N ( i ,j) is the number of epicenters in a certain 
cell and N is the average in cells. 
The measure of the density of sample earthquakes in 
time is defined as follows : 
T = 
... 
k L (N, -N) 2 +N2 
T..r p=l 
T. kN2 + (N-N) 2 
where the sum index k is defined as the whole part of 
the relation 
k = [ ~:1 
here T. is the time interval between the first and last 
earthquakes of the sample , T., is the average duration 
of aftershocks of earthquakes with magnitudes equal to 
the magnitude of the investigated earthquake. 
It is easy to check that the input of the value of T., 
satisfies the following conditions : At T w = T aJ. the value 
of T., is equal to one ; out of two samples within the 
identical time period , the larger value of T., will corre-
spond to that sample at which the dispersion is less ; 
out of two similar samples located on a timeline the 
event value of T gr will be more for the sample covering 
a smaller time interval; if Tw > > T IIi the values of T gr 
will converge to zero. 
3 Initial data 
To select of earthquake power level for the analysis we 
recognized that the area of their preparation should be 
large enough to provide representative statistics and 
that the linear sizes of a unit cell into which this area is 
divided should surpass the error in the epicenter coor-
dinates. Therefore we excluded earthquakes with K = 
13-14. Where K is energy class of earthquake, K = 
1. 8M+4. Also, the earthquake registration time of the 
lower power level should substantially exceed the peri-
od of preparation of studied earthquakes to be able to 
capture the various development stages of the source 
centers. For this reason we have excluded earthquakes 
with K > 16. 
We analyzed the trajectories of points with coordi-
nates ( R.,, T.,) for three large earthquakes in their 
preparation period ( Fig. 2) : the Isfara-Batkentsky 
earthquake in 1977 with M = 6. 3 (Fig. 2 (a) ) , the 
Kajrakumsky earthquake in 1985 with M = 5. 9 ( Fig.2 
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Figure 2 Features of space-time grouping of earthquakes in their preparation period before subsequent seismic events 
(b)) , and the lzbaskentsky earthquake in 1992 with 
M = 5. 9 (Fig. 2( c)). The number of earthquakes in 
each investigated zone was ~ 350 and the length of the 
unit sample included ~ 100 events. The minimum rep-
resentative power class equaled 8. 6 in each area. 
4 Results and discussion 
Despite differences in details , a single scheme of space 
and time development comes to light for all three stud-
ied focal zones that are accurately traced by a trajectory 
of a point with coordinates ( Rgr, Tgr) . There are three 
consecutive stages: 
1 ) Chaotic "random -walk" points appear in the left 
bottom comer of the square. These correspond to low 
clustered seismic events in both time and space. Jud-
ging by the number of points , we conclude that this 
stage is characterized by the longest duration and ap-
parently reflects the background reveal of seismicity. 
2) A sharp increase of clustering of seismic events 
occurs in time. The spatial distribution of earthquake 
focal points is almost evenly distributed. For all consid-
ered focal zones , this stage covers the least volume of 
points and is apparently related to transience character-
istics. 
3) An increase of event clustering occurs in space a-
gainst a high but already little changing clustering in 
time. By considering that this stage is connected with 
the formation of the focus of future earthquake , a fitting 
of a significant amount of points to this stage makes it 
possible to conclude that the formation of earthquake 
focus areas occurs long before the moment of the main 
shock, a result that is consistent with results of labora-
tory experiments [ IO]. 
Features of the space and time distribution of earth-
quakes of individual samples reflect the seismicity 
structure. One method for studying the structure of the 
seismicity is to combine techniques used for fractal sets 
with the theory of the correlation integral. Its applica-
tion is based on the large statistics of events. 
This method was used for describing the structure of 
seismicity of large regions[ 1- 3J. It is impossible to use 
the technique of fractal sets because of statistical re-
strictions for studying some focus zones. However, 
known forecast signs in seismic mode parameters ( e. 
g. , quiescence , activation, seismicity localization in 
narrow zones, migratory effects, etc.) specify that dur-
ing earthquake preparation changes in the structure of 
seismicity take place. Within the developed tech-
niques , it was possible to track turning points of these 
changes. First, the time structure of seismic event 
streams can be formed and then changes of the spatial 
structure can be added. The last stage, apparently, 
can serve as a forecast sign of long-term character since 
it reflects a transition from delocalized destruction to 
formation of the focus destruction. The time of the last 
stage can be estimated in years, thereby providing a 
chance to estimate the long-term situation. 
Along with studying the long-term tendencies in the 
dynamics of the development of focus zones , searching 
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for midterm foreshocks of earthquakes has traditionally 
involved analyzing various seismic mode parameters. 
These parameters include seismic activity, the slope of 
the earthquake frequency curve in class distributions of 
the seismic events, released seismic energy, and fea-
tures of grouping of earthquakes in time ( the variation 
of time intervals between consecutive events ) and 
space (Morishita's index). These parameters were cal-
culated for each sample and were put on the ordinate 
axis to plot against sample numher. 
As the characteristic of seismic activity, the average 
interval between events in a sample was considered. In 
its calculation, the time interval between the first and 
last events in a sample of earthquakes has been divided 
by total numher of earthquakes in this sample. It is ob-
vious that the size of the defined value is inversely pro-
portional to the seismic activity. 
The slope of the frequency curve , ')I is calculated by 
using the maximum likelihood formula [ 'l 
where N 1 is the total numher of earthquakes and N K is 
the numher of earthquakes of class K. The definition of 
the error 'Y is given in this case by the expression 
u = _.11_ 
y IN; 
Because the number of events for each sample was 
large enough , the accuracy of the definition of the pa-
rameter ')I was > 0. 05. 
For an estimation of earthquake spatial clustering an 
approach based on the analysis of Morishita's index 
] 8 [IIJ was used. For its calculation the spatial area was 
hroken into elementary cells and for each sample with 
numher m the parameter is calculated as follows : 
" 
n"I,N;(N; -1) 
j = 1 
J,( m) = -'-N'-(-N--~1 )-
where N is the number of sample units , Ni is the num-
ber of earthquakes in each cell, and n is the numher of 
cells. 
The size of J, gives ioformation ahout the character 
of the spatial organization of the system of points. For a 
random distribution ]8 = 1 ; for an even distribution of 
points in the investigated area ]8 <1; for a propensity of 
points to group J, > 1. The J, ( m) curve allows us to 
track the dynamics of the grouping of earthquakes in 
space as the main shock is approached. 
The measure of clustering of seismic events in time 
was defined by a factor for the variation of latency 
times between consecutive events of the sample : 
u Var(m) =-
t 
where t is the average interval between sample events 
and u is the dispersion. 
It was shown that the variation increases before high-
energy events for rock samples in laboratory conditions 
and for mountain thrusting and earthquakes[ 12l. Figure 
3 shows variations of the specified parameters for the 
focus zones of the Izbaskentsky earthquake, where the 
statistics of weak pushes are the greatest. We will fol-
low their analysis. From figure 3, it can be seen that 
long before the moment of the main shock there is acti-
vation in the field of preparation. The average interval 
between events is reduced from 36-40 to 28-30 days. 
Just before the earthquake comes shallow seismic qni-
escence. Distinctive feature is that reduction of total 
number of pushes, but the numher of earthquakes of 
the higher classes increases, which is confirmed by the 
increase of total energy. Such an unbalanced ratio be-
tween weak and strong earthquakes is reflected in the 
behavior of the slope of the earthquake frequency 
curve , which decreases sharply. According to one of 
the most developed models of earthquake preparation , 
JIHT[ 13J , the occurrence of large pushes during the 
last stage reflects the hierarchical character of the de-
struction process when the concentration of small 
cracks achieves a certain level and cracks merge , 
cracks of high rank are then formed , and a reduction of 
the parameter ')I can be treated as a change of the frac-
tal dimension of the set of seismic events , which is 
physically connected with localization of destruction 
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Figure 3 A set of selective seismic mode parameters in the 
field of preparation of the Izbaskentsky earthquake 
processes along the surlace of the future rupture 
plane[ 13l. The curves at the bottom figure 3 show how 
the earthquake clustering parameters change in time 
and space. Spatial changes in the mid-term stage of the 
development process happen earlier than time changes. 
It is confirmed by the splash advancing in the behavior 
of Morishita's index before fluctuation of the variation 
factor of latency times. 
In our view, long-term changes in features of space-
time groupings of earthquakes ( Fig. 2 ) and shorter 
term changes of the factor of variation of latency times 
of seismic events and fluctuation of Morishita's index 
(Fig. 3) have various physical explanations. In the 
first case , these changes are related to the formation of 
the destruction focus and division of the environmental 
volume into two parts with various physical and me-
chanical properties : the focus area and the preparation 
area surrounding it. In the second case , these changes 
reflect a stage of approaching unstable deformation in-
side the focus area and along the plane of the future 
rupture. An argument in favor of such an interpretation 
is proposed["], in which features of space-time locali-
zation of seismicity in preparation of earthquakes and 
discharge of the focus area in relation to nodal planes 
and sectors of compression and stretching are deter-
mined by studying earthquake focal mechanisms. 
The development of the Isfars-Batkentsky earthquake 
focus (Fig. 5) occurred against a decrease in seismic 
activity. Just before the earthquake, anomalies in y 
and total seismic energy occurred. Seismic activation of 
weak earthquakes preceded to Kayrakumsky earthquake 
( Fig. 4 ) . However it was observed quiescence of 
strong earthquakes. It can be seen from y and E pa-
rameters. From figures 3-5, it is possible to conclude 
the following : The development of the focus of a large 
earthquake is reflected in the infringement of a stream 
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Figure 4 A set of selective seismic mode parameters in the 
field of preparation of the Kayralrumsky earthquake 
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Figure 5 A set of selective seismic mode parameters in the 
field of preparation of the Isfara-Batkentsky earth-
quake 
stationarity of seismic events occurring in the prepara-
tion field. Deviations from slationarity usually have di-
rected character as shown in the form of trends. Thus 
trends can be of both signs (long-term seismic activa-
tion or long seismic quiescence ) . A discrepancy at a 
later stage in the type of trend with features of energy 
discharge is characteristic; i.e. , against an increase in 
the total number of earthquakes the seismic energy dis-
charged by them decreases or, against a reduction in 
their total number, it increases. Such a discrepancy is 
accurately traced by changes in the slope of the seismic 
event frequency curve, which takes extreme values. 
The physical reason for changes in the direction of the 
trend is ioferred to be related to the deformation condi-
tions of the focus areas, as shown by results of labora-
tory experiments[ 13 ' 15 ' 161 • 
Experimentally, seismic quiescence is seen nnder 
deformation conditions under constant load. In the case 
of constant speed of deformation ( with load in this 
case , naturally , increasing ) an opposite increase in 
the frequency of occurrence of acoustic impulses is ob-
served; i.e. , there is seismic activation. Similarly, a 
display in time of the number of high -energy impulses 
defining a set of power harbingers also depends on 
loading conditions. In case of destruction of samples 
Wlder constant loading conditions, high-energy impul-
ses appeared during the final stage , just before the mo-
ment of the main rupture[ ts]. In conditions when a con-
stant speed of deformation was supported, power fore-
shocks were practically not observed , and power quies-
cence frequently took place. Variations in the slope of 
the frequency curve are related to features of the load. 
In the case of a high deformation speed the value of -y 
during the final siage increases[ISJ. With reduction of 
the deformation speed and testing with constant loading 
the value of -y falls just before the destruction mo-
ment[Is, 16]. From these results, we conclude that in 
natural conditions there is no single scheme for the de-
velopment of the process of earthquake preparation. 
The mode of a seismic foreshock develops from certain 
combinations of signs that are different for various 
zones but have tendencies to preservation in similar 
tectonic conditions. In favor of this thesis, the features 
of the seismic mode parameters in preparation of the 
strong earthquakes of the Karzhantausky structure[ 1' 1 
can testify that is characterized by considerable similar-
ity of various focus zones that are set within the given 
structure. 
References 
[ 1 ] Gejlikman M B, Golubeva T V and Pisarenko V F. Self-similar 
hierarebical structure of a field of epicentres of earthquakes. A-
nalysis of Geophysical Fields Moscow: Nauka. 1990, 123-139. 
[ 2 ] Hirata T and lmoto M. Multifractal. analysis of spatial distribution 
of micro earthquakes in the Kanto region. Geophys J., 1991, 
107' 155-162. 
[ 3 ] Juravlyov V I, Lukk A A, Sidorin A J and Ryjikova T V. Fractal 
characteristics of set of seismic events at considering the factor of 
time. Fizika Zemly (Physics of Earth) J., 2001, 3: 34-46. 
[ 4] Smirnov V G, Ponoma:rev A V and Zavyalov A D. Structure of a-
coustic mode in samples of rocks and seismic process. F:izika 
Zemly J., 1995, l, 38-58. 
[ 5 ] Reznichenko Yu V. Size of focus of crust earthquake and seismic 
moment. Problemy Seismologii (Seismology Problems) Moscow: 
Nauka, 1985, 23-33. 
8 Geodesy and Geodynamics Vol.S 
[ 6 ] Ulomov V I. Fractal cells model of seismic process and earth-
quake frequency. Seismicity of Territory of Uzbekistan Tashkent: 
Fan, 1990, 237-255. 
[ 7 ] Knopoff L and G.ron., J. b the sequence of emthquakes m 
Southern California with aftershocks removed poissonian. Bull 
Seh•m Soc Am., 1974, 64 (5), 1363-1367. 
[ 8 ] Ulomov V I. Dynamics of earth crust of Central Asia and forecast 
of earthquakes Tashkent: Fan, 1974, 215. 
[ 9] Jurkov S N. Kinetic concept of durability. Vsetnik AS of the 
USSR J., 1968, 3, 46-52. 
[ 10] Mansurov V A. An orientation oflaboratory works for forecasting 
of mountain pushes. Physical bases of forecasting of destruction of 
rocks at earthquakes. Moscow: Nauka. 1987, 73-81. 
[ 11 ] Arefev S S and Shebalin N V. Estimation of density level ( cluste-
ring) earthquakes of Caucasus. Report AS of the USSR J., 1988, 
298 ( 6) ' 1349-1352. 
[ 12] Kuksenko V S. The physical reasons of similarity in discharge of 
elastic energy at destruction of rocks at various scale levels. Phys-
ical bases of forecasting of destruction of rocks at earthquakes. 
Moocow, Nauka, 1987, 68-73. 
[13] Sobolev GA. Basics of earthquake forecasts. Moscow: Nauka, 
1993, 313. 
[ 14] Ibragimov R S. Dynamics of seismic process of focus zones of 
large earthquakes of Karjantausky structure. Seismogeodynamics 
of the Karjantausky rupture (fault). Tashkent: Universitet, 
2000, 193-216. 
[ 15] Vinogradov S D, Mirzoev K M and Salomov N G. Research of a 
seismic mode at destruction of samples. Dushanbe: Donish, 
1975, 115. 
[ 16] Mogi K. Prediction of earthquakes. Moscow: Nauka, 1988, 382. 
